Seasonal Variation in Physiological and Biochemical Responses of Guava Grafts Across Propagation Environments


Abstract
Guava (Psidium guajava L.) is an important horticultural crop in which grafting is widely used to maintain the genetic purity, enhance early growth flowering and fruiting. This study evaluated the effects of four grafting methods such as wedge, side, softwood, and saddle under three propagation environments (open field, mist chamber, and shade net house) during two seasons (October and February) on the physiological and biochemical responses of guava grafts. A Factorial Completely Randomized Design was adopted, and observations were recorded 90 days after grafting. Significant differences were observed among grafting methods and environments. Wedge grafting under mist chamber conditions in February consistently produced the highest chlorophyll content (30.34 SPAD), photosynthetic rate (18.58 μmol CO2m2/s), and nitrate reductase activity (76.58 μg NO2g/h), indicating superior graft compatibility and metabolic efficiency. Saddle grafting under open conditions recorded the highest phenol content (4.55mg/g), reflecting increased stress and reduced graft success. Antioxidant enzymes such as peroxidase and catalase were also higher in February, suggesting improved lignification and ROS detoxification. Overall, wedge grafting in February under mist chamber conditions proved most effective for achieving robust graft establishment and favourable physiological and biochemical performance in guava.	Comment by ثياقر راجن سنتنا ماري: Correct as:
...efficacious...
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Introduction 
Psidium guajava Linn. (guava) is a significant medicinal plant recognized for its broad pharmacological potential. Taxonomically, it belongs to the family Myrtaceae, genus Psidium, and species guajava. Guava is valued as a traditional and versatile crop due to its diverse medicinal and nutritional attributes and includes several minor and underutilized types with considerable economic relevance in agriculture. It is a climacteric fruit characterized by a high respiration rate, resulting in rapid perishability; its shelf life at room temperature typically ranges from 2–3 days. The guava tree bears numerous round, ovoid, or pear-shaped fruits measuring 5–15 cm in length and weighing 50–300 g/per fruit. Guava fruits exhibit a characteristic and distinct aroma. The pulp may vary from sweet to slightly acidic, with a flavor often described as intermediate between pear and strawberry. Flesh color ranges from off-white (“white” guavas) to deep pink (“red” guavas), and the central cavity contains seeds of variable number and hardness depending on the cultivar. When fully ripe, guava emits a pronounced sweet, musky fragrance. The external peel may appear green or yellow, while the flesh may be white, yellow, pink, or red. The leaves are dull green, leathery, rigid, and prominently veined. Successful graft formation requires the development of a de novo meristematic layer at the scion–rootstock interface. In a functional grafted plant, the scion ultimately forms the shoot system, whereas the rootstock develops the root system. Scions are selected for desirable horticultural and yield-enhancing traits, while rootstocks are chosen for their tolerance to various biotic and abiotic stresses. The rootstock plays a decisive role in influencing scion vigor, water relations, nutrient acquisition, and overall plant performance. Grafting is extensively used in perennial horticultural crops with major objectives such as regulating excessive vegetative growth and shortening the juvenile phase. Additional benefits include the establishment of compact or dwarf plant architecture, facilitating high-density planting and improving productivity with reduced requirements for pruning, pest control, and canopy management. The development of a robust and efficient root system is largely dependent on the compatibility between the scion and rootstock (Goldschmidt, 2014).	Comment by ثياقر راجن سنتنا ماري: Reference?
In recent years, the use of grafting has expanded considerably across both woody and herbaceous plant species. During the graft formation process, a selected scion is physically affixed to a rooted plant (rootstock), initiating a cascade of physiological, anatomical, and biochemical events at the graft interface that ultimately establish vascular continuity and functional integration. This clonal propagation approach not only enhances tolerance to environmental stresses but also influences growth regulation and metabolic activity, thereby promoting earlier reproductive maturity and improved performance in numerous perennial crops (Zhang et al., 2013; Duan et al., 2017). Guava can be propagated through both sexual and asexual means; however, vegetative propagation is preferred to preserve genetic fidelity and promote early bearing. Among vegetative techniques, grafting holds particular significance because it enables the combination of elite scion traits with the vigor or stress resilience of selected rootstocks. When environmental conditions are optimized, grafting also facilitates large-scale, year-round multiplication of superior cultivars. The success of grafting is determined by multiple factors, including the specific method used, seasonal variations, temperature, and humidity. Accordingly, the present study examines the influence of different grafting techniques and seasonal conditions on the physiological and biochemical responses of guava grafts under Coimbatore conditions.
MATERIALS AND METHODS 
The experiment was conducted at the College Orchard of the Horticultural College and Research Institute, Tamil Nadu Agricultural University, Coimbatore. The study spanned two distinct seasons—October 2018 (monsoon) and February 2019 (spring). A Factorial Completely Randomized Design (FCRD) was employed, comprising four grafting methods: wedge grafting (G1), side grafting (G2), softwood grafting (G3), and saddle grafting (G4), evaluated across two seasons, October (S1) and February (S2). Each treatment was further examined under three environmental conditions: open field (C1), mist chamber (C2), and shade net house (C3), resulting in 12 treatment combinations, each replicated three times. Ninety-day-old guava seedlings raised from seeds were selected for use as rootstocks.
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At 90 days after grafting, plants were sampled for physiological and biochemical analyses. Chlorophyll index (SPAD value) was measured using a SPAD-502 chlorophyll meter developed by the Soil Plant Analytical Development (SPAD) section, Minolta, Japan. The instrument estimates chlorophyll concentration based on the ratio of light transmittance at wavelengths of 650 nm and 940 nm. Five readings were collected per treatment per replication, and the mean value was calculated following the methods described by Hoel and Solhaug (1998) and Monje and Bugbee (1992). Chlorophyll fluorescence was assessed using a Plant PAM-210 fluorometer (Teaching PAM) as outlined by Schreiber et al. (2003). Biochemical assays were conducted on fully expanded functional leaves. Total phenolic content was quantified using the Folin–Ciocalteu reagent method (Bray and Thorpe, 1954). Nitrate reductase activity was estimated following the protocol of Nicholas et al. (1976). Peroxidase activity was determined using the procedure described by Gjessing and Sumner (1943) and expressed as the change in optical density (OD) at 430 nm/min/g. Catalase activity was measured by titration with potassium permanganate following Gopalachari (1963) and expressed as μg H2O2g/min.	Comment by ثياقر راجن سنتنا ماري: Correct as:
...subjected...	Comment by ثياقر راجن سنتنا ماري: Correct as:
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RESULT AND DISCUSSION 
Grafting exerted a significant influence on the physiological and biochemical traits of guava, which directly determine graft union success and early plant establishment. Parameters such as chlorophyll content, chlorophyll fluorescence, photosynthetic rate, total phenols, nitrate reductase (NRase) activity, peroxidase, and catalase served as reliable indicators of graft compatibility and metabolic efficiency.
Chlorophyll Content (SPAD)
Chlorophyll content varied markedly among grafting methods, seasons, and propagation environments (Table 1). In February, plants maintained under the mist chamber recorded the highest chlorophyll content (30.34 SPAD units, T1C2), whereas the lowest value (16.05 SPAD units) occurred under open-field conditions during October (T4C1). Mean chlorophyll levels were significantly higher in February than in October across treatments. Wedge grafting consistently produced higher SPAD values, reflecting enhanced photosynthetic pigment accumulation and improved physiological status. Greater chlorophyll content in wedge grafts indicates better graft union formation, efficient nutrient flow, and increased photosynthate production. These results correspond with previous observations in guava and other fruit crops, where grafting improved pigment stability and leaf physiology (Syamal et al., 2012).
Photosynthetic Rate
A similar trend was evident for photosynthetic rate. Wedge grafting in the mist chamber during February registered the maximum photosynthetic rate (18.58 μmol CO2m2/s), whereas saddle grafting in the open field during October recorded the minimum (11.75 μmol CO2m2/s) (Table 1). Higher photosynthetic activity in wedge grafts can be attributed to stronger anatomical union, efficient water and nutrient conduction, increased chlorophyll concentration. The combination of mild temperature, higher humidity, and diffused light in the mist chamber further enhanced CO₂ assimilation. Since photosynthesis is tightly linked to carbon gain and biomass accumulation, wedge grafting proved superior in promoting early growth and vigor.	Comment by ثياقر راجن سنتنا ماري: Reference study?
Total Phenols
Phenol accumulation differed significantly across grafting treatments (Table 2). Saddle grafting under open conditions yielded the highest phenol content (4.55 mg/g), while the lowest (2.99 mg/g) was recorded in side grafting under mist chamber conditions. Phenolic compounds are known to impede auxin transport, restrict tissue permeability, and inhibit callus proliferation. Excessive phenol accumulation indicates biochemical stress and is often associated with graft incompatibility. This explains the comparatively weaker performance of saddle grafts. Similar findings were reported in loquat (Ding et al., 1998) and mango (Murti & Upreti, 2003).	Comment by ثياقر راجن سنتنا ماري: Correct as:
...reported in earlier studies with...
Nitrate Reductase (NRase) Activity
NRase activity differed across grafts and environments, with the highest value recorded in (Table 2) wedge grafts under mist chamber conditions during February (76.58 μg NO2 g/h). The enhanced NRase activity in wedge grafts may be attributed to faster vascular reconnection, improved nitrate uptake from the rootstock, increased protein synthesis associated with active growth. These findings align with studies in apple (Iryna et al., 2004), mandarin (Hiratsuka et al., 2015), and peach—where compatible graft combinations consistently showed higher nitrogen assimilation efficiency.	Comment by ثياقر راجن سنتنا ماري: Correct as:
...environments (Table 2), with the highest value recorded in wedge grafts...
Peroxidase Activity
Peroxidase activity increased significantly in February compared to October (Table 3). Softwood grafts under shade conditions (February) recorded the highest peroxidase levels (3.79 absorbance units at 430 nm g/min). Peroxidase plays a critical role in oxidative polymerization of monolignols, secondary wall formation, strengthening the graft union. Elevated peroxidase activity during February indicates active lignification and enhanced cell wall stabilization at the graft interface. Studies in pear and guava show comparable increases in peroxidase under grafting stress (Whetten et al., 1998).
Catalase Activity
Catalase activity followed a similar trend, exhibiting higher values during February. The maximum activity (3.85 μg H2O2 reduced g/min) was recorded in (Table 3) softwood grafts under mist chamber conditions. Catalase converts hydrogen peroxide into water and oxygen, thereby mitigating oxidative stress. The higher activity observed in grafted plants indicates active ROS detoxification, improved resilience during graft union formation, enhanced wound healing and vascular differentiation. Reports by Irisarri et al. (2015), Xu et al. (2005), and Gulen et al. (2005) support the observation that antioxidant enzyme activity is generally higher in grafted seedlings than ungrafted ones due to graft-induced oxidative stress.	Comment by ثياقر راجن سنتنا ماري: Correct as:
...recorded in softwood grafts under mist chamber conditions (Table 3).
CONCLUSION
The study demonstrated that grafting method, season, and propagation environment significantly influenced the physiological and biochemical performance of guava grafts. Wedge grafting under mist chamber conditions during February consistently produced superior chlorophyll content, photosynthetic rate, and nitrate reductase activity, indicating optimal graft compatibility and metabolic efficiency. Lower phenol accumulation in these combinations further supported stronger union formation and reduced biochemical stress. Conversely, saddle grafting under open-field conditions exhibited reduced physiological efficiency and elevated phenols, reflecting weaker graft success. Antioxidant enzymes such as peroxidase and catalase were markedly higher during February, suggesting enhanced lignification and reactive oxygen species detoxification. Overall, the findings confirm that wedge grafting during February in a mist chamber provides the most favorable conditions for vigorous, healthy, and biochemically stable guava graft establishment.
.
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Table 1. Effect of different grafting and propagation condition on Chlorophyll (SPAD UNIT) and Photosynthetic rate (μmol CO2/m2/s) in guava at 90th days after grafting in October and February	Comment by ثياقر راجن سنتنا ماري: Give a brief title for the table
	Treatments
	Chlorophyll (SPAD UNIT) October- 2018
	Chlorophyll (SPAD UNIT) February – 2019
	Photosynthetic rate (μmol CO2 /m2/s) October- 2018
	Photosynthetic rate (μmol CO2 /m2/s) February- 2019

	
	C1 (Open)
	C2 (Mist)
	C3 (Shade)
	Mean
	C1 (Open)
	C2 (Mist)
	C3 (Shade)
	Mean
	C1 (Open)
	C2 (Mist)
	C3 (Shade)
	Mean
	C1 (Open)
	C2 (Mist)
	C3 (Shade)
	Mean

	T1 (Wedge)
	19.05
	24.58
	21.56
	21.73
	19.60
	30.34
	23.40
	24.44
	12.35
	16.65
	15.21
	14.73
	13.98
	18.58
	17.01
	16.52

	T2 (Side)
	18.02
	23.67
	22.20
	21.29
	21.46
	26.83
	24.49
	24.26
	13.17
	14.43
	14.74
	14.11
	15.17
	16.43
	15.33
	15.64

	T3 (Softwood)
	19.87
	22.88
	23.08
	21.94
	21.94
	27.56
	22.19
	23.89
	13.68
	13.39
	13.89
	13.65
	14.68
	15.39
	14.39
	14.82

	T4 (Saddle)
	16.05
	17.61
	16.76
	16.80
	16.63
	23.40
	18.21
	19.41
	11.75
	13.07
	12.05
	12.29
	12.75
	13.28
	12.85
	12.96

	Mean
	18.24
	22.18
	20.9
	
	19.90
	27.03
	22.07
	
	12.73
	14.38
	13.97
	
	14.14
	15.92
	14.89
	

	Source
	S.Ed
	C.D (0.05%)
	S.Ed
	C.D (0.05%)
	S.Ed
	C.D (0.05%)
	S.Ed
	C.D (0.05%)

	T
	0.64
	1.33*
	0.73
	1.52*
	0.43
	0.90**
	0.47
	0.98**

	C
	0.56
	1.16*
	0.63
	1.31*
	0.38
	0.78**
	0.41
	0.85*

	T X C
	1.12
	NS
	1.27
	2.63*
	0.76
	1.57*
	0.82
	1.69*



NS – Non significant     ** - Significant


Table 2. Effect of different grafting and propagation condition on Total phenols (mg/g) and Nitrate Reductase activity (μg NO2 /g/h) in guava at 90th days after grafting in October and February	Comment by ثياقر راجن سنتنا ماري: Give a brief title for the table
	Treatments
	Total phenols (mg/g) October- 2018
	Total phenols (mg/g) February- 2019
	Nitrate Reductase activity (μg NO2 /g/h) October- 2018
	Nitrate Reductase activity (μg NO2 /g/h) February- 2019

	
	C1 (Open)
	C2 (Mist)
	C3 (Shade)
	Mean
	C1 (Open)
	C2 (Mist)
	C3 (Shade)
	Mean
	C1 (Open)
	C2 (Mist)
	C3 (Shade)
	Mean
	C1 (Open)
	C2 (Mist)
	C3 (Shade)
	Mean

	T1 (Wedge)
	3.45
	3.35
	3.03
	3.27
	3.50
	3.20
	3.45
	3.38
	65.25
	72.56
	71.22
	69.67
	69.78
	76.58
	70.15
	72.17

	T2 (Side)
	3.34
	2.99
	3.36
	3.23
	3.77
	3.50
	3.77
	3.68
	66.17
	71.89
	71.03
	69.69
	68.30
	68.65
	67.11
	68.02

	T3 (Softwood)
	3.51
	3.15
	3.90
	3.52
	3.40
	3.78
	3.56
	3.57
	66.70
	72.01
	70.89
	69.86
	64.16
	70.49
	66.29
	66.98

	T4 (Saddle)
	4.55
	3.20
	4.39
	4.04
	4.20
	4.55
	4.29
	4.34
	63.40
	64.25
	63.86
	63.86
	61.18
	68.25
	65.89
	65.10

	Mean
	3.71
	3.17
	3.67
	
	3.71
	3.75
	3.76
	
	65.38
	70.17
	69.25
	
	65.85
	70.99
	67.36
	

	Source
	S.Ed
	C.D (0.05%)
	S.Ed
	C.D (0.05%)
	S.Ed
	C.D (0.05%)
	S.Ed
	C.D (0.05%)

	T
	0.11
	0.24**
	0.12
	0.26**
	2.19
	NS
	2.20
	NS

	C
	0.10
	0.21**
	0.11*
	0.21*
	1.90
	NS
	1.90
	NS

	T X C
	0.20
	0.42*
	0.21
	NS
	3.80
	NS
	3.81
	NS



NS – Non significant     ** - Significant


Table 3. Effect of different grafting and propagation condition on Peroxidase (absorption at 430 nm/g/min) and Catalase (μg of H2O2 reduced/min/g) in guava at 90th days after grafting in October and February	Comment by ثياقر راجن سنتنا ماري: Give a brief title for the table
	Treatments
	Peroxidase (absorption at 430 nm/g/min) October- 2018
	Peroxidase (absorption at 430 nm/g/min) February- 2019
	Catalase (μg of H2O2 reduced /min/g)) October- 2018
	Catalase (μg of H2O2 reduced /min/g) February- 2019

	
	C1 (Open)
	C2 (Mist)
	C3 (Shade)
	Mean
	C1 (Open)
	C2 (Mist)
	C3 (Shade)
	Mean
	C1 (Open)
	C2 (Mist)
	C3 (Shade)
	Mean
	C1 (Open)
	C2 (Mist)
	C3 (Shade)
	Mean

	T1 (Wedge)
	2.85
	2.95
	2.67
	2.82
	3.62
	3.79
	3.61
	3.67
	2.89
	3.12
	3.15
	3.05
	2.78
	3.29
	3.13
	 3.06

	T2 (Side)
	3.15
	2.79
	3.26
	3.06
	3.46
	3.56
	3.33
	3.45
	3.01
	3.50
	2.56
	3.02
	3.28
	3.01
	2.17
	 2.82

	T3 (Softwood)
	2.71
	3.05
	3.39
	3.05
	3.29
	3.51
	3.04
	3.28
	3.20
	3.67
	2.67
	3.18
	3.47
	3.85
	2.97
	 3.43

	T4 (Saddle)
	2.55
	3.01
	2.89
	3.81
	3.26
	3.26
	3.35
	3.29
	2.55
	3.00
	2.85
	2.8
	2.62
	3.18
	2.61
	 2.80

	Mean
	2.81
	2.95
	3.05
	
	3.40
	3.53
	3.33
	
	2.91
	3.32
	2.80
	
	3.03
	3.33
	2.72
	

	Source
	S.Ed
	C.D (0.05%)
	S.Ed
	C.D (0.05%)
	S.Ed
	C.D (0.05%)
	S.Ed
	C.D (0.05%)

	T
	0.09
	0.18*
	0.11
	0.22*
	0.097
	0.20*
	0.09
	0.20**

	C
	0.08
	0.17*
	0.09
	NS
	0.08
	0.17**
	0.08
	0.17**

	T X C
	0.16
	0.34*
	0.19
	NS
	0.16
	0.34*
	0.17
	0.35*



NS – Non significant     ** - Significant


